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RADAR BEAM SCANNING METHOD, 
ON- VEHICLE RADAR APPARATUS 
AND RADAR SCANNING COMPUTER PROGRAM 

5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a radar beam 

10 scanning method, on- vehicle radar apparatus and radar 
scanning computer program, for detecting a target object 
which reflects an electromagnetic waves radiated from the 
frequency-modulated continuous wave (FMCW) radar 
apparatus mounted on a automotive vehicle. 

15 2. Description of the Related Art 

On-vehicle radar apparatuses for detecting a distance, 
relative speed and direction of such a target around the 
vehicle as an obstacle or precedent vehicle have been 
widely employed in order to control a crash prevention and 

20 tracking travelhng. 

The radar apparatus of this kind is fixed at the vehicle 
front in such a manner that the electromagnetic wave 
beam for detecting the target is parallel to the road surface. 
Further, the radar beam is preferably collimated along the 

25 vertical direction, thereby suppressing a reflection from the 
road surface. 

However, when the radar beam is over-coUimated, the 
radar beam is apt to miss the target due to a vertical 
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inclination during an acceleration & deceleration and 
during carrying a heavy load. Thus, the conventional on- 
vehicle radar have a disadvantage that the target is missed 
or the reflection from the target is decreased, thereby 
5 remarkably lowering a detectable distance and detection 
accuracy. 

The detectable distance and detection accuracy are 
further lowered by a vertical inclination of a radar antenna 
due to an installation accuracy and change with the 

10 passage of time. 

The disadvantage of the conventional on- vehicle radar 
may be overcome, as disclosed in JP4-276582A, 1992, by 
controlling the tilt angle of the antenna on a rotating stage 
in such a manner that the tilt angle is made parallel to 

15 the road surface on the basis of the road surface reflection 
or on the basis of the vertical incUnation due to the 
acceleration utilizing a detected acceleration and 
conversion table stored beforehand of acceleration and tilt 
angle. 

20 Further, it is disclosed in JP No. 3186366 that the tilt 

angle is adjusted by a screw in such a manner that a beam 
intensity reflected from the target is displayed in order to 
maximize the reflected intensity during the adjustment by 
the screw. 

25 However, JP4-276582A has a disadvantage that the 

tilt angle can not always be rotated to a prescribed angle, 

because the road surface reflection depend upon the road 
surface state, ground topology and distance between the 
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vehicle and the road surface from which the radar beam is 
reflected. 

Further, when the tilt angle is to be controlled on the 
basis of the conversion table of acceleration and tilt angle, 
5 the tilt angle can not always be rotated to a prescribed 
angle, due to an incorrect recognition of the horizontal 
reference direction, or due to a shift along the vertical 
direction (caused by an unexpected factor other than the 
acceleration) of the relative position between the target 
10 and antenna. 

Furthermore, JP No. 3186366 has a disadvantage that 
the tilt angle can not be adjusted in response to the 
directional change during the vehicle's travelling, although 
it can be easily adjusted during the installation and 
15 maintenance of the antenna. 

SUMMARY OF THE INVENTION 

An object of the present invention is to easily and 
20 precisely detect such a target as an obstacle or proceeding 
vehicle, even when the target is relatively shifted to an on- 
vehicle radar along a direction perpendicular to a radar 
beam scanning direction. 

The radar beam scanning method of the present 
25 invention is a method for scanning a radar beam for tracing 
a moving target. A second (vertical) direction of the moving 
target is first detected by a second direction scanning 
(vertical scanning) of the radar beam. Then, under the 
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detected angle of the moving target, the radar beam is 
scanned along a first direction (horizontally), thereby 
tracking the moving target and obtaining two-dimensional 
information of the moving target. 
5 The on-vehicle radar apparatus of the present 

invention is an apparatus for executing the above 
mentioned radar scanning method. 

Further, the computer program of the present 
invention is a computer program for executing the above 

10 mentioned radar scanning method and for operating the 
above mentioned on-vehicle radar. The radar scanning 
operation is described by a computer language and read 
into a CPU or stored in such a memory medium as an 
optical disc, or hard disc and the like. 

15 According to the method of the present invention, 

apparatus and computer program of the present invention, 
a tilt angle along the second direction of the radar beam is 
decided by following a great change of the angle where the 
target exists, thereby efficiently receiving the reflected 

20 radar beam during the first direction scanning (horizontal 
reception scanning). As a result, S/N ratio of the target 
detection signal is increased, thereby stabilizing the 
distance detection and its accuracy. 

Further, a width of the second direction scanning 

25 (vertical transmission scanning) is narrowed, before the 
horizontal reception scanning, thereby avoiding 
unnecessary data processing and improving the data 
processing efficiency. 
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Further, the S/N ratio of the target detection signal is 
increased, thereby stabilizing the distance detection and its 
accuracy. 

Here, the tilt angle is decided on the basis of a peak or 
5 pattern of the intensity distribution of the radar beam 
reflected by the target. 

Typically, the on- vehicle radar apparatus of the 
present invention includes a transmission antenna for the 
vertical transmission scanning and a reception antenna for 
10 the horizontal reception scanning. The transmission 
antenna may be a travelling wave excitation antenna 
(TWEA) and the reception antenna may be a plurality of 
TWEAs. Here, the TWEA is constructed by a plurality of 
antenna elements each of which is arranged along the 
15 second (vertical) direction and are fed sequentially by a 
feeding line along the second direction. 

However, the transmission and/or reception antenna 
may include a plurality of unit antennas e.g., TWEAs. 
Further, the transmission and/or reception antenna may be 
20 a single antenna e.g., a single TWEAs. Further, the 
antenna may be commonly used for the transmission and 
reception. 

The tilt angle (angle between a direction perpendicular 
to an antenna surface) and peak direction of the 
25 transmitted or received radar beam is changed by the 
frequency of the radar wave. 

Here, the TWEA is fed from the upper side of the 
antenna substrate. The tilt angle 6 is zero degree, when 
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the wavelength " X g" in the antenna substrate 
corresponding a frequency is equal to the distance between 
the antenna elements (inter-element distance: lED), 
because the signal phase is the same at every antenna 
5 element. On the other hand, Q is positive (directed 
upward from the antenna surface), when lED is smaller 
than X%, because the signal phase becomes advanced as 
the antenna element becomes distant far from the feeding 
point. Further, Q is negative (directed downward from 

10 the antenna surface), when lED is greater than X g, 
because the signal phase becomes delayed as the antenna 
element becomes distant far from the feeding point. The 
absolute value of 0 becomes great as the absolute value of 
(lED - Xg) becomes great, where the absolute value of 

15 (lED - ^ g) is smaller than X g/2. 

According to the TWEA, the tilt angle is instantly 
changed merely by changing the frequency. Thus, any 
mechanical parts is not required for the radar beam 
scanning, thereby manufacturing a compact and cheap 

20 scanning apparatus and improving its reliability. 

The tilt angle of the horizontal reception antenna may 
be changed not by changing the frequency but by selecting 
one or more TWEAs among the plurality of TWEAs of 
which tilt angles are different with each other. A number 

25 ot TWEAs may be increased, because a controllable range 
of the tilt angle is limited due to an antenna gain which is 
greatly decreased as the frequency is out of a prescribed 
range. 
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In the horizontal reception antenna, the tilt angle 
differences between the TWEAs and number of the TWEAs 
are decided in such a manner that an accuracy of detecting 
the horizontal direction of the target is within a prescribed 
5 tolerance. This is because the detection accuracy becomes 
decreased as the tilt angle differences are made great. 

The tilt angle of each TWEAs may be changed by 
changing lED under a constant frequency excitation, 
although it may be changed by changing the antenna 
10 surface for each TWEA. 

As explained above, the tilt angle 9 is zero degree, 
when Xg is equal to lED, 6 is positive, when lED is 
smaller than X g and 6 is negative, when lED is greater 
than X g. 

15 The tilt angle may be shifted, by a mechanical 

inclination of the antenna surface, by a mechanical 
inclination of a prism opposite to the antenna surface, or by 
changing the radio wave frequency, if the number of 
TWEAs are not sufficient, e.g., due to a n installation 

20 space. 

The horizontal scan antenna may be also utilized for 
the vertical scan by selecting a TWEA, thereby 
manufacturing a compact sized on-vehicle radar 
apparatus. 

25 The on-vehicle radar apparatus of the present 

invention has further Features. 

A Feature is that the tilt angle may be set up for a most 
distant moving target in order to surely capture it. The 



7 



near target is easily captured due to great reception 
sensitivity, even when the vertical direction is more or less 
shifted. 

Another Feature is that the relative speeds between 
5 said on-vehicle radar apparatus and moving & not-moving 
targets are detected, whereby the tilt angle is set up only 
for one of the moving target. Thus, it is prevented that 
the radar apparatus sets up a tilt angle for an unnecessary 
object. As a result, the detection accuracy for a necessary 
10 target is improved. 

Still another Feature is that a size such as a height or 
projected area of the moving target is estimated, whereby 
the impact can be estimated if the on-vehicle radar 
apparatus crashed against the preceding target. The crash 
15 impact estimation is applied for controlling a crash safety 
apparatus such as an air bag. 

BRIEF EXPLANATION OF THE DRAWINGS 

20 FIG. 1 is a block diagram of the radar appratus of 

Embodiment 1 of the present invention. 

FIG. 2 A is a conceptual planar view of the 

transmission antenna and reception antenna formed on a 

substrate for Embodiment 1. 
25 FIG. 2B is a graph of the oscillation frequency of the 

travelhng wave excitation antennas in the reception 

antenna as shown in FIG. 2A vs. radar beam radiation 

angle (tilt angle). 
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FIG. 2C is an illustration showing the relationship 
between the tilt angle (radiation angle of radar 
electromagnetic wave) and the distance between the 
antenna elements. 
5 FIG. 3 is a graph of the gain for the oscillation 

frequency of the travelling wave excitation antenna as 
shown in FIG. 2A vs. radar beam radiation angle (tilt 
angle). 

Fig. 4 is a flow chart of the data processing executed at 
10 a prescribed time interval by the signal processing unit. 

FIG. 5 is a time chart of the signal processing by the 
radar apparatus of Embodiment 1. 

FIG. 6 is a conceptual side view for calculating the 
target height and on the basis of the tilt angle and target- 
15 to-radar distance. 

FIG. 7A is a conceptual planar view of the 
transmission antenna and reception antenna formed on a 
substrate for Embodiment 2. 

FIG. 7B is a graph of the oscillation wavelength of the 
20 travelHng wave excitation antennas in the reception 
antenna as shown in FIG. 7B vs. radar beam radiation 
angle (tilt angle). 

FIG. 8 is a graph of the gain for the oscillation 
frequency of the travelling wave excitation antenna as 
25 shown in FIG. 7A vs. radar beam radiation angle (tilt 
angle). 

FIG. 9 is a time chart of the signal processing by the 
radar apparatus of Embodiment 2. 
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FIGs. lOA and lOB show exemplary channel selections 
in Embodiment 2, wherein the proceeding target vehicle is 
on a rising and down hill. 

FIG. 11 is a graph of the tilt angle vs. channel of the 
5 travelling wave excitation antenna constructed by antenna 
elements, wherein the inter-element distance (lED) is 
decided, as shown in FIG. 11, in such a manner that: the 
tilt angle 9 ^ for the frequency f^of ch 1 with the narrowest 
lED is almost the same as 0 g for fL of ch "n" with the 
10 widest lED; and moreover^ 6 q for f^ of ch "n' with the 
widest lED is almost the same as 0 ^ for of ch 1 with the 
narrowest lED. 

FIG. 12A is a conceptual planar view of the vertical tilt 
angle scan mechanism, wherein the antenna substrate "P" 
15 is pivotally supported at its back and is inclined by a 
driving mechanism 40 including a motor and link member, 
thereby changing the vertical radiation angle of the radar 
beam. 

FIG. 12B is another conceptual planar view of the 
20 vertical tilt angle scan mechanism, wherein a dielectric 
prism or lens PL for refracting the radar beam is inchned 
by a driving mechanism 40 including a motor and hnk 
member, thereby changing the vertical radiation angle of 
the radar beam. 

25 FIG. 120 is a still another conceptual view of the 

vertical tilt angle scan mechanism, wherein actuators 42 
(for inclining the substrate "P") such as piezoelectric 
devices are fixed to the upper and lower end of the 
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substrate "P" or fixed to above mentioned PL. 

FIG. 13 is a block diagram of the radar apparatus of 
Embodiment 4 including the vertical driving control 
mechanism 34 for driving the vertical tilt angle scan 
5 mechanism as shown in FIGs. 12A, 12B and 12C- 

FIG. 14 is a block diagram of the radar apparatus of 
Embodiment 5, wherein the reception antena is a single 
travelling wave excitation antenna. 

10 PREFERRED EMBODIMENT OF THE INVENTION 

Preferred embodiments are explained, referring to the 
drawings. 

15 Embodiment 1 

The radar apparatus 2 of Embodiment as shown in 
FIG. 1 comprises: a modulation signal generation unit 10 
for generation a modulation signal "M" in accordance with 

20 modulation instructions Cl and 02; a VCO 14 for varying 
an oscillation frequency in accordance with "M"; a 
distributor 16 for distributing an output from the VCO 14 
into a transmission signal Ss and local signal "L"; a 
transmission antenna 18 for radiating an electromagnetic 

25 wave in accordance with the Ss; a reception antenna 20 
including "n" unit antennas for receiving the reflected 
electromagnetic wave; a reception switch 22 for selecting 
one of the "n" unit antennas for receiving a reception signal 
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Sr; a mixer 24 connected with the switch 22 for mixing Sr 
and "L" in order to generate a beat signal "B"; an amplifier 
26 for amplifying "B"; an A/D converter 28 for converting 
the amplified "B" into a digital data; a SW control unit 30 
5 for controlling the reception switch 22 in accordance with a 
mode designation instruction Cx; and a signal processing 
unit 32 for generating CI, C2 and Cx and for processing the 
digital signal "B" from the A/D converter 28 in order to 
obtain information of the target. 

10 As shown in FIG. 2A, the transmission antenna 18 and 

reception antenna 20 are formed on a substrate "P" in such 
a manner that each antenna is a travelling wave excitation 
antenna wherein a plurality of antenna elements "E" are 
arranged at regular intervals X g and are connected with 

15 each other with a feeder "K". One to "n" channels are 
assigned to the "n" unit antennas of the reception antenna 
20, although only three channels are shown in FIG. 2A, 

Hereinafter, each travelling wave excitation antenna 
for the transmission antenna 18 and reception antenna 

20 20 is called a unit antenna. 

The unit antenna extends along the vertical direction 
and is fed at the upper position of the substrate "P". 
Further, the interval between the antenna elements "E" is 
X g, where X g is a wavelength in the substrate "P" of a 

25 reference frequency fo, e.g., 76.5 MHz of the 
electromagnetic wave of the radar beam of the radar 
apparatus 2. 

The tilt angle Q is also a radiation direction of the unit 



12 



antenna. Concretely, 6 is made zero as shown in FIG. 
2B, when the radiation is of wavelength is A, g and 
frequency fg . Further, d is positive and the radar beam 
radiation is directed to the upward, when the radiation 
frequency is greater than fp. On the other hand, 6 is 
negative and the radar beam radiation is directed to the 
downward, when the radiation frequency is smaller than fo . 
Here, \ - X \ is assumed to be smaller than g/2. 
The tilt angle | 0 I increases, as | X g - X | increases. 

As shown in FIG. 2C, The tilt angle 6 is also 
expressed in terms of the inter-element distance "d" 
(distance between the antenna elements). If "d" is equal 
to X g, then, 9 = zero. If "d" is smaller than X g, then, 
e is positive, while if "d" is grater than X g, then, 0 is 
negative. 

The modulation signal generation unit 10 comprises: a 
triangular wave signal generation unit 11 (started and 
stopped by the modulation instruction Cl) for generating 
at its start an AC triangular wave; a bias generation unit 
12 for generating a DC bias signal of which level is 
designated by the modulation instruction C2; and an adder 
for generating the modulation signal "M" by adding the 
output from the triangular wave generation unit 11 to the 
output from the bias generation unit 12. 

The modulation signal "M" is the DC bias signal 
during stopping the triangular wave generation unit 11 in 
accordance with Cl, while it is a biased AC triangular wave 
during starting and activating the triangular wave 
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generation unit 11 in accordance with Cl. 

The amphtude of the triangular wave generated by the 
triangular generation unit 11 is such that the oscillation 
frequency of the VCO 14 is changed by A F, while the 
5 levels of the bias signal generated by the bias generation 
unit 12 are threefold whereby the oscillation frequency of 
the VCO 14 is changed to fL (= f o — ), fivi (~ 4 ) 
fo+ a). 

Thus, the modulation signal generation unit 10 

10 generates a pulse wave of a single frequency during 
stopping the triangular wave generation unit 11, while it 
generates a frequency-modulated continuous wave 
(FMCW) of which central frequency is switched to either of 
> fjvi > fn y thereby changing the radar beam tilt angle 6 

15 in three steps, as shown in FIG. 3. 

Here, it is preferable that a gives a sufficient gain for 
the unit antenna (travelling wave excitation antenna) and 
that A F is sufficiently smaller than a . For example, 
A F may be about a lb. 

20 The SW control unit 30 selects only one prescribed 

channel, e.g., 1 ch by the reception switch 22, when a 
vertical scan mode is designated by the mode designation 
instruction Cx. On the other hand, it sequentially selects 
every channel (1 ch to "n" ch) by the reception switch 22., 

25 when a horizontal scan mode is designated. 

The signal processing unit 32 is a well-known micro- 
computer including CPU, ROM, RAM and digital signal 
processing (DSP) unit for executing the fast Fourier 
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transform (FFT) of the data from the A/D converter 28. 

The radar apparatus 2 as shown in FIG. 1 generates 
the transmission signal Ss and local signal "L" by 
distributing the output from the VCO 14 operating in 
accordance with the modulation signal "M". Thus, Ss is 
transmitted from the transmission antenna 18. 

Then, the radar beam carrying Ss is reflected by the 
target, is received by the "n" unit antennas of the reception 
antenna 20. Then, the reception signal Sr from the unit 
antenna(s) selected by the reception switch 22 is inputted 
into the mixer 24 which generates the beat signal "B" by 
mixing Sr and the local signal "L" from the distributer 16. 
Further, the beat signal "B" is amplified and is inputted 
into the signal proccessing unit 32. The data inputted 
into the signal processing unit is a single channel 
(prescribed channel, e.g., 1 ch) data under the vertical scan 
mode, while data every channel is sequentially inputted 
into the signal processing unit 32. 

FIG. 4 is a flow chart for the data processing executed 
at a prescribed time interval by the signal processing unit 
32. 

First, at SI 10, the vertical scan is executed in order to 
measure the reflected intensities at three tilt angles 6 . 

Concretely, the mode designation instruction Cx is 
switched to the vertical scan mode, thereby stopping the 
triangular wave generation unit 11, and the frequency is 
sequentially switched to fL, f^ and fn, thereby changing the 
tilt angle 6 . Thus, the samphng data of the reflected 
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intensity every tilt angle 0 is stored. 

Next, at S120, the target tilt angle (radar beam 
radiation angle or radar beam tilt angle to be directed to 
the target) is calculated on the basis of a reflected intensity 
5 distribution constructed by the stored sampling data. 

The target tilt angle may be a peak where the reflected 
intensity becomes maximum. Alternatively, the target tilt 
angle may be decided by the distribution pattern. Further, 
it may be a centroid of three peaks corresponding to the 
10 three vertically scanned angles d . Furthermore, it may 
be decided by the pattern matching method on the basis of 
previously stored reflection patterns of kinds of target 
vehicles and distances to the targets. 

Next, at Si 30, the horizontal scan is executed at the 
15 decided target tilt angle 6 in order to obtain the beat 
signal "B". 

Concretely, the mode designation instruction Cx is 
switched to the horizontal scan mode, thereby setting up in 
accordance with the modulation instruction the central 
20 frequency of the radar wave to be the target tilt angle 0 
decided at Si 20 and starting in accordance with the 
modulation instruction CI the triangular wave generation 
unit 11. Thus, the sampling data every channel 1 ch to "n" 
ch is stored. 

25 Next, at S140, the target information is obtained on 

the basis of the sampling data stored at Si 30, thereby 

ending the data processing. 

The target information is calculated on the basis of the 



16 



amplitudes and phases of the sampUng data. The target 
information includes at least the distance to the target, 
relative speed between the target and on-vehicle radar and 
horizontal direction of the target. The calculation method 
5 is not explained, because it is well known in the technical 
field of frequency-modulated continuous wave (FMCW) 
radar. 

FIG. 5 is a time chart of the signal processing of the 
radar apparatus 2 of Embodiment 1. As shown in FIG. 5, 
10 the vertical and horizontal scan is alternately executed, 
thereby obtaining the vertical reflection distribution and 
obtaining the horizontal distribution at the vertical peak 
angle. 

According to the radar apparatus 2 of Embodiment 1, 
15 the target is captured at the almost central portion along 
the vertical direction of the radar beam, even when the on- 
vehicle radar apparatus is inclined upward or downward 
due to the vehicle's heavy load, or even when the relative 
vertical position between the target and on-vehicle radar is 
20 shifted along the vertical direction during travelling on a 
slope. Thus, the radar beam is efficiently reflected by the 
target, thereby receiving a high S/N signal. Accordingly, 
the target to radar distance and target detection accuracy 
are stabilized. 

25 Although the tilt angle 6 was triple in the above 

explanation, it may be double, quadruple, or continuously 

changed. 

Particularly, multiple or continuously changed tilt 
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angle improves the angle resolution of the reflected 
intensity distribution. For example, an angular range 
6 y of the target is precisely obtained by the high 
resolution distribution, as shown in FIG. 6. Accordingly, 
5 the target height (vehicle height) "H" may be calculated on 
the basis of the 6 y and target to radar distance "D". 

Furthermore, the target width "W" may be calculated 
by a horizontal angular range 6 ^of the target and further 
the target area "S" may be calculated by d "W and 0 ^ . 
10 According to the size information "H", and "S", an 

impact of crash between the target and the vehicle can be 
estimated, thereby controlling such a safety apparatus as 
an air-bag on the basis of the estimated crash impact. 

15 Embodiment 2 

The structure of the reception antenna 20, the 
operation of the SW control unit 30 and content of the 
processing of the signal processing unit 32 in Embodiment 

20 2 are different from those in Embodiment. Therefore, the 
differences of Embodiment 2 from Embodiment 1 are 
mainly explained. 

Although the transmission antenna 18 and reception 
antenna 20 are the travelling wave excitation antennas 

25 (unit antennas constructed by antenna elements "E") 
formed on a substrate "P" in Embodiments 1 and 2, the 
distances between the antenna elements "E" are slightly 
different with each other, as shown in FIG. 7A. There are 
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shown in FIG. 7A only 4 ch, 5 ch and 6 ch of the "n" unit 
antennas. Concretely, the inter-devices distances 
(distances between the antenna elements "E") are decided 
in such a manner that a tilt angle 6 of an unit antenna in 
5 the reception antenna 20 is different with each other by □ 
9 expressed by formula (1). 

A 0 = 0 vv/(n - 1) (1) 

10 , where "n" is a number of the unit antennas in the 
reception antenna 20, 0 w is an angular range of the tilt 
angle 6 to be controlled. Thus, the tilt angle 6 is 
changed around zero degree by A 0 per unit antenna. 

For example, If "n" is nine, the central unit antenna is 

15 designated to 5 ch of which tilt angle is zero degree, as 
shown in FIG. 7B and 8. Therefore, the tilt angles are 
increased from 4 ch toward 1 ch, while they are decreased 
from 6 ch toward 9 ch. 

As shown in FIG. 9, the SW control unit 30 in 

20 Embodiment 2 sequentially selects by the reception switch 
22 all the reception channels 1 ch to "n" ch, when the 
vertical scan mode is designated by the mode designated 
instruction Cx. Further, when the horizontal mode is 
designated, only prescribed "m" (m < n) channels are 

25 sequentially selected by the reception switch 22. 

However, the horizontal direction of the target is 
detected with lowered accuracy, as the inter-devices 
distances (distances between the antenna elements) in the 
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travelling wave excitation antenna (unit antenna) is 
increased. This is because the horizontal direction of the 
target is decided on the basis of the phase differences 
between the unit antennas (unit antennas). Accordingly, 
5 the number "m" of the prescribed channels should satisfy 
the following formula (2). 

0 X > (m - 1) A 0 (2) 

10 , where 6^ is angular range (of the tilt angle 6 ) within 
which the accuracy of detecting the horizontal direction of 
the target is tolerable. 

The signal processing steps of the signal processing 
unit 32 in Embodiment 2 are different from only those of 

15 SllO and SI 30 in Embodiment 1. 

At SllO modified for Embodiment 2, the vertical scan 
mode is turned on by the mode designation instruction Cx, 
thereby operating the VCO 14 at the frequency fp (fo) in 
accordance with the modulation instructions Cl and C2. 

20 Thus, during sequentially selecting every channel ch 1 to 
ch "n", the sampling data of all the channels ch 1 to ch "n" 
is taken in through the A/D converter 128. 

Further, at SI 30 modified for Embodiment 2, the 
prescribed "m" channels are sequentially selected by 

25 turning on the horizontal scan mode by the mode 
designation instruction Cx, in such a manner that the 
central channel is directed to the tilt angle at which the 
reflected intensity becomes maximum. At the same time, 
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the VCO 14 generates in accordance with the modulation 
instructions Cl and C2 a frequency-modulated triangular 
wave at the central frequency . Thus, the sampling 
data of "m" channels is taken in and stored through the 
5 A/D converter 28. 

Therefore, Embodiment 2 differs from Embodiment 1 
only in that an unit antenna (in other words, unit antennas 
or travelling wave excitation antennas) in the reception 
antenna 20 in Embodiment 2 has a tilt angle shghtly 

10 different from other unit antennas and moreover in that, in 
Embodiment 2, only a prescribed number of the unit 
antennas (e.g., three as shown in FIG. 9) of which tilt 
angles are around the tilt angle at which the reflected 
intensity becomes maximum is selected. 

15 FIGs. lOA and lOB show an exemplary channel 

selection in Embodiment 2, wherein "n" is twelve and "m" 
is six. The upward beam channel ch 1 to ch 6 are selected 
during the horizontal scan, when the radar beam is 
reflected downward by the proceeding target vehicle on a 

20 rising hill, as shown in FIG. lOA. On the other hand, the 
downward beam channel ch 5 to ch 10 are selected during 
the horizontal scan, when the radar beam is reflected 
upward by the proceeding target vehicle on a down hill, as 
shown in FIG. lOB. 

25 According to Embodiment 2, the tilt angle is not 

limited within a characteristics of the unit antenna 
(travelling wave excitation antenna), but it is changed in a 
wider range. 
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Although the tilt angle of the unit antenna was made 
different from each other by changing the inter-device 
distances, the surfaces of the unit antenna may be made 
inclined with each other. 
5 Further, the central frequency may be shifted in 

accordance with the modulation instruction C2 in order to 
assure "m" channels, if the central channel decided at S120 
is near the end position ch 1 or ch "n". 

10 Embodiment 3 

Embodiment 3 partially differs from Embodiment 2 in 
the inter-devices distance in the antenna elements "E", the 
vertical scan at S 110 and horizontal scan at Si 30. 

15 The inter-element distance (lED) is decided, as shown 

in FIG. 11, in such a manner that: the tilt angle 6 ^ for the 
frequency f^ of ch 1 with the narrowest lED is almost the 
same as 0 b for fL of ch "n" with the widest lED; and 
moreover, 9 c for f^ of ch "n" with the widest lED is almost 

20 the same as 0 ^ for fn of ch 1 with the narrowest lED. 

At SllO modified for Embodiment 3, the vertical scan 
mode is turned on by the mode designation instruction Cx, 
thereby operating the VCO 14 at, e.g., fL (one of the 
three frequencies fi^, f^ and fn) in accordance with the 

25 modulation instructions CI and C2. Thus, during 
sequentially selecting every channel 1 ch to "n" ch, the 
samphng data of all the channels (ch 1 to ch "n") is taken in 
through the A^D converter 128. Then, the VCO 14 is 
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operated at, e.g., , thereby obtaining the data of all 
channels. Further, the VCO 14 is operated at, e.g., , 
thereby obtaining the data of all channels. Thus, the 
data of all channels at the three frequencies is obtained. 
5 Further, at Si 30 modified for Embodiment 3, either 

one of the three frequencies fL, fM or is decided, on the 
basis of the tilt angle at which the reflected intensity 
becomes maximum, and moreover, in such a manner that 
the channel corresponding to the above mentioned tilt 

10 angle is near the center of a series of unit antennas. 

At the same time, the VCO 14 is operated at the above- 
decided frequency in accordance with the modulation 
instructions Cl and C2. Thus, the sampling data of "m" 
channels is taken in and stored through the AID converter 

15 28. 

Therefore, Embodiment 3 differs from Embodiment 2 
only in that the inter-device distances changed every 
channel and moreover in that the central frequency for the 
horizontal scan is decided on the basis of the tilt angle 
20 maximizing the reflection peak. 

According to Embodiment 3, similarly to Embodiment 
2, the tilt angle can be changed in a wider range. 

Although a part of the unit antennas was used for the 
horizontal scan, all the unit antenna may be used for the 
25 horizontal scan merely by choosing a central frequency, 
whereby the tilt angles of al the unit antennas are within 
the angular tolerance 6 x. 
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Embodiment 4. 

Embodiment 4 differs from Embodiment 1 only in that 
the tilt angle (beam radiation angle) is mechanically 
5 changed. 

As shown in FIG. 12A, the antenna substrate "P" is 
pivotally supported at its back and is inclined by a driving 
mechanism 40 including a motor and link member, thereby 
changing the radiation angle of the radar beam. 
10 The driving mechanism 40 as shown in FIG. 12A is 

controlled by a vertical scan control unit 34 as shown in 
FIG. 13 in accordance with a vertical scan instruction Cd 
from the signal processing unit 32. 

Alternatively, a dielectric prism or lens PL for 
15 refracting the radar beam may be inclined by the driving 
mechanism 40 as shown in FIG. 12B, controlled by the 
vertical scan control unit 34, as shown in FIG. 13. 

Further, as shown in FIG. 120, actuators 42 (for 
inclining the substrate "P") such as piezoelectric devices 
20 are fixed to the upper and lower end of the substrate "P" or 
to above mentioned PL and are inclined by the piezo 
driving circuit 39 controlled by the vertical driving control 
unit 34, as shown in FIG. 13. 

The process steps of the signal processing unit in 
25 Embodiment 4 differs from Embodiment 1 only in Si 20. 

At S120 modified for Embodiment 4, the tilt angle is 
detected by the vertical scan, similarly to Embodiment 1. 
If the detected tilt angle is near the upper or lower limit, 
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the substrate "P" is inclined by the vertical scan instruction 
Cd, thereby shifting the tilt angle almost to the center of 
the above mentioned upper and lower limit. 

According to Embodiment 4, the tilt angle can be 
arbitrarily shifted, thereby changing the tilt angle in a 
wider range, without limiting a frequency characteristics of 
the unit antenna. 

Further, the mechanical vertical scanning in 
Embodiment 4 may be applied to Embodiments 2 and 3. 

As explained above, Embodiment 4 is effective, when 
the unit antennas available for the horizontal scan are 
insufficient, due to the extreme tilt angle located at the 
upper or lower Umit. 

Embodiment 5 

FIG. 14 is a block diagram of the FMCW radar 
apparatus of Embodiment 5 which differs from 
Embodiment 1 in that: the reception antenna 20 is a single 
travelhng wave excitation antenna; and accordingly, the 
reception switch 22 is omitted. 

Further, a horizontal driving control unit 36 is 
provided for driving a not-shown horizontal driving 
mechanism which mechanically inchnes the radar beam 
along the horizontal direction. 

According to Embodiment 5, the advantage of 
Embodiment 1 is not only assured, but also the horizontal 
scan can be executed in an angular range wider than 
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Embodiment 1. 

Other Embodiment 

5 Although the reception antenna 20 as explained above 

included a plurality of unit antennas was employed in the 
above explained Embodiments, the transmission and/or 
reception antenna may include a plurality of unit antennas 
e.g., travelling wave excitation antennas. Further, the 

10 transmission and/or reception antenna liiay be a single 
antenna e.g., a single travelhng wave excitation antenna. 
Further, the antenna may be commonly used for the 
transmission and reception. 

Further, although the tilt angle (beam radiation angle) 

15 was defined along the vertical direction in the above 
explanation, it may be inclined from the vertical direction. 
The horizontal direction ia inchned together with the above 
mentioned inclined vertical direction. 

Further, although only the reflection distribution was 

20 obtained during the vertical scan in the above explanation, 
the target to radar distance may be obtained during the 
vertical scan. If a plurality of targets are detected during 
the vertical scan, the tilt angle may be set up for the most 
distant target, thereby surely capturing the most nearest 

25 target as well as the most distant target. 

Further, the relative speed between the target and 
radar may be obtained during the vertical scan. The tilt 
angle may be set up for only a moving target by removing 
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standing objects among the detected targets, thereby 
preventing the radar apparatus from setting up a tilt angle 
for an unnecessary object and from reducing an accuracy of 
detecting a necessary target. 
5 Further, the reception antenna is not only employed in 

the radar apparatus, but also may be employed in a mobile 
communication system, because the communication is kept 
stable due to the changeable tilt angle corresponding to a 
change of relative position between the automobiles. 
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